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Description 

The present invention relates to a method, as well 
as a system tor determination of relative position and/or 
orientation of a number of points or geometrical objects 
as planes, lines, tioles, cylinders or spheres, or com- 
bined objects as robot arms or other industrial produc- 
tion equipment, based on the use of one or multiple cam- 
eras based on electro optica! sensors in combination to 
fixed mounted light sources, projected light spots, illu- 
minated reflectors or probing tools having light sources 
or reflectors attached to it. 

The present patent application describes a further 
development of the inventions described by the inven^ 
tors in Nonwegian patents 165 046. 164 946 and 169 
799, as well as patent application 91 3994. 

Nonwegian patent 165 046 describes a system 
based on two high resolution electro optical cameras 
which are calibrated for angle measurements, methods 
for such calibration, a system for geometry measure- 
ments based on the cameras, as well as application of 
this system. 

Nonwegian patent 164 946 describes systems for 
measurements of points on a surface, by projecting a 
pattern of light spots onto the surface, and by determin- 
ing the coordinates for these light spots by the use of 
electro optical sensors. 

Norwegian patent 1 69 799 describes tools for mark- 
ing points on a surface, to be measured by the use of 
electro optical cameras. 

Nonwegian patent application 913994 describes a 
system for measurement of spatial coordinates by the 
use of a single electro optical camera as well as tools 
having light source or reflecting points attached to it. 

The system that is described in Nonwegian patent 
165 046 has limitations related to the fact that each in- 
dividual point is registered simultaneously by two cam- 
eras. That leads to requirements lor simultaneous free 
visibility m directions to both cameras. Furthermore the 
system is based on determination of the position of the 
cameras by a separate procedure before coordinate 
measurements can be started. The system accuracy is 
basically determined by the resolution of the sensor. 
This means that the accuracy is limited in large volumes. 

The system described in Norwegian patent applica- 
tion 91 3994 functions essentially as a theodolite, in that 
spatial directions are determined with high accuracy. In 
addition the distance to the measurement tool is deter- 
mined with moderate accuracy. As a stand alone system 
it gives limited accuracy in distance determination, 
which means that the number of possible applications 
is limited. 

The use of a probing tool having light sources in 
known from WO-A-91/16598. 

The present patent application describes a further 
development of method and means for coordinate 
measurement that gives full flexibility with respect to: 
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the number of cameras, 

whether the cameras are calibrated for direction 
measurements or not, 

the methods used for marking the measurement 
points, 

where, and in how many positions the cameras are 
kx:ated during the measurement process, 
which methods that are used to relate the measure- 
ments to a selected coordinate system. 

By the use of this further development full flexibility 
to optimize the system and the method with respect to 
the measurement task in question, and to questions like 
accuracy requirements and exterior limitations like vis- 
uality limitations is achieved. 

Regarding applications, the system is competing to 
existing technology like theodolites and conventional 
photogrammetry, as well as mechanical coordinate 
measurement machines. 

Coordinate measuring machines have strongly lim- 
ited functionality, as they are not portable and have a 
limited measurement volume. Large machines are very 
expensive, have low accuracy, and require dedicated 
rooms due to the need for stability and temperature con- 
trol. 

Theodolites have significant limitations related to 
operator dependencies (in conventional instruments an 
operator is aiming towards the measurement point 
through the monocular of the theodolite), time consum- 
ing measurements, and to strong requirement for free 
visibility between the measurement point and the instru- 
ment. In addition theodolites must be levelled accurate- 
ly. 

Conventional photogrammetry is limited to the use 
of film based cameras. The measurement points are 
marked by attaching reflecting measurement elements 
called targets, to the object. It is not possible to measure 
geometrical objects like holes, planes, spheres, lines, 
etc. without marking these by the use of targets. 

Calculation of spatial coordinates based on theod- 
olite measurements or conventional photogrammetry is 
done by iterative methods. Both measurement methods 
are two dimensional, i.e. they give the direction towards 
the measurement points only. Estimated spatial coordi- 
nates for a number of the measurement points are need- 
ed as initial values for the iterative calculations. The sys- 
tem described in Nonwegian patent application 913994 
gives spatial coordinates, which gives sufficiently accu- 
rate initial values for the similar calculations related to 
the present method and system. 



Figure 1 illustrates camera and innaging of a light 
spot on the sensor of the camera. 

55 Figure 2 illustrates the principle of coordinate deter- 
mination from the imaging of a common 
point In two or more cameras. 
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Figure 3 illustrates the configuration of a complete 
measurement system. 

Nonwegian patent no. 165 046 describes a fully au- 
tomatic and accurately calibrated angle sensor based 
on a CCD camera. Such a camera 1 , as shown in figure 

1, comprises essentially a camera house 2, a lens unit 
3. and a two dimensional sensor matrix 4. The lens unit 
is an objective with standard, spherical optics. The angle 
sensor is developed to measure the direction towards 
points being active light sources or points illuminated by 
active light sources. This gives a secure identification of 
the measurement points, and hence enables a fully au- 
tomatic use, as well as gives a very high signal to noise 
ratio. High accuracy is furthermore ensured by the use 
of accurate procedure for calibration of the angle sensor. 
This is described in Norwegian patent 165 046. 

The measurement principle Is illustrated in figure 2. 
The coordinates for a number of points 5 shall be deter- 
mined relative to a spatial coordinate system X. Y. Z. 
This is done by locating two or more cameras 4 In arbi- 
trary and initially unknown positions and orientatfons rel-. 
atlve to the same coordinate system. The spatial direc- 
tion to a point 5 is determined by registering its projec- 
tion 6 through the projection center 7 of the lens unit as 
shown in figure 1 B. The projection is registered as the 
image coordinates x, y of the point image relative to a 
camera fixed coordinate system as illustrated in figure 

2. The calculation of the unknown spatial coordinates is 
based on setting up the equations for the projections for 
a number of cameras. This calculation may also include 
determination of the position and orientation of the cam- 
eras, as well as including parameters lor correction of 
possible lens distortions. This means that even non-cal- 
ibrated cameras may be applied. Each additional point 
that is Introduced In the calculation gives three addition- 
al unknown coordinates X. Y, Z to be determined, at the 
same time as 2 x n new observations are included in the 
calculation (n is the number of camera locations). The 
calculation requires the magnitude of at least one dis- 
tance between two points to be known to give correct 
scale information to the system of equations. 

The method of calculation Is based on minimizing 
errors (least squares method), such that redundant in- 
formation Is used. The necessary mathematical founda- 
tion is found in H.M. Kamara (Ed,): Non-topographic 
photogrammetry. Second Edition, 1 987. page 37-55. 

Generally, if the number of unknown parameters is 
increased, a similarly increased number of observations 
as additional points or additional cameras/camera loca- 
tions Is required. 

Figure 3 Illustrates a system for spatial geometry 
measurements based on one or multiple cameras 1 , 8, 
a system control unit 9 consisting of data processor 10, 
camera control unit 11 and light source control unit 12. 
The system can be attached to different light sources 
for marking points: 



Reference bar 1 4 comprising a number of light einit- 
ting diodes at known mutual separation distances. 

Light pen 1 5, which is a probing tool described in 
5 Swedish patent no. 456 454, possibly having ex- 
changeable tools as described in Norwegian patent 
no. 169 799. 

Light emitting diodes and/or lasers 16. Light emrt- 
10 ting diodes are attached permanently in the meas- 
urement field to be imaged from multiple camera lo- 
cations. Lasers are used to project fixed tight spots 
onto the measurement object Light emitting diodes 
/ lasers are connected to the system via a connector 
IS unit 17. 

Reflecting points 1 8 which are illuminated by a lamp 

19. 

20 Driving and control of the light sources is done by 
the control unit 12 to ensure optimum signal to noise 
ratio, and to synchronize to the cameras via the canriera 
control unit 11. 

The systems data processor 10 is doing the analy- 

25 sis of measurement data from the cameras. The data 
processing mainly consist of: 

- control of imaging time and exposure time to opti- 
mize the signal to noise ratio, 



30 



35 



40 



identification of the individual light sources, I.e. 
which point in the image that corresponds to which 
light source, 

cateulation of the spatial direction for each individ- 
ual light source from the image information. 

calculation of spatial coordinates for the probing 
tool (light pen). 



The user is communicating with the system via an 
operator terminal 1 3. 

In additfon to the obsen/ations from the cameras, 
the method of calculation requires one or more known 

45 distances to give the correct scale to the calculated spa- 
tial coordinates. This can be achieved by the use of. the 
specially designed reference bar 14, or by measuring 
points in a known separation distance. The length of the 
reference bar or the known distances may be typed in 

so by the operator at the terminal 1 3. 

The present invention proposes to apply one or 
more cameras in combination with one or more types of 
light sources or illuminated reflecting points to achieve 
high flexibility to solve various measurement problems 

55 ^ with respect to 

- the dimension of the measurement volume. 
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- the accessibility to the measurement volume. 

definition of coordinate systems, 

accuracy requirements, 

available time for measurements, 

frequency of repeated controls, 

combination of different types of cameras and in- 
struments for direction measurements. 

The characteristic features of the invention are de- 
scribed in the accompanying patent claims, as well as 
in the following description of non-limiting examples of 
use of the invention, with reference to the enclosed 
drawings. 

Figure 4 illustrates the further developed principle 
for the use of the probing tool "light pen". 

Figure 5 illustrates how to establish and measure a 
network of help reference points. 

Figure 6 illustrates measurement of a number of ge- 
ometrical objects based on a number of 
help reference points. 

Figure 7 illustrates an application based on a trans- 
portable reference structure /pallet. 

Figure 8 illustrates a permanent measurement sta- 
tion based on a reference structure. 

Figures 9 and 1 0 show examples of use of the meth-: 
od of the invention. 

The computation method that Is described above 
and that is related to figure 2, is based on the possibility 
of seeing the sarne point from a number of different cam- 
era positions. Generally light sources, generated by di- 
rect emission from a light emitting diode or indirect as a 
reflection from a reflecting nnaterial or a projected laser 
spot, can be seen from "one side' only. Optimum accu- 
racy in the computation method is achieved if the direc- 
tions of observations are uniformly distributed. This is 
achieved by the light pen. 

The light pen 1 5 that by itself is known from Nonwe- 
gian patent application 913994, is in this context used 
differently as only the direction to the touch point of the 
light pen is to be registered and to be used for coordinate 
determination. The principle for use of the light pen is 
shown in figure 4. The light pen is registered on the sen- 
sor as a number of image spots 6 corresponding to the 
light emitting diodes 5. The direction to the light pen 
should be related to a touch point 20. This corresporids 
to an Image point 21 on the sensor As the sensor is 
registering the image of light sources only, this will be a 



virtual image spot. The image coordinates of the image 
point 21 will be calculated from the registered image co- 
ordinates for each light source, as well the knowledge 
of the mutual position of the light sources 5 and the touch 

5 point 20 in a probe fixed, local coordinate system. The 
calculation methods are further described in Nonwegian 
patent application 913994. 

If the touch point of the light pen is kept in a fixed 
position, the light pen itself can be rotated to be aimed 

10 towards the different camera positions in question. 
Hence, this gives the necessary geometry for the com- 
putation method. The fact that the light pen has a 
number of light emitting diodes makes the accuracy in 
determining the projection of the touch point better than 

IS for a single light emitting diode. 

Figure 5 illustrates the use of the system to deter- 
mine the geometry of an object 22. The positions of a 
number of points or geometrical objects (holes, planes, 
cylinders etc.). in the figure marked with capital letters 

20 A . c, are to be determined with high accuracy relative 
to the resolution of the cameras, the size of the meas- 
urement volume, its accessibility etc. The method con- 
sist of distributing a number of help reference points (in 
the figure marked with lower case letters a - u) all over 

25 the measurement volume. These can be light emitting 
diodes, projected laser spots, reflecting points or 
marked points that can be touched with the light pen. By 
registering the projection of these points on the camera 
sensors for a number of different camera locations, this 

30 will give data for calculation of the mutual position of all 
points, as described above with reference to figure 2. 
The computatfon is flexible with respect to: 

the number of cameras or camera locatbns. 

35 

the number of points observed in each camera lo- 
cation (a minimum number is required, depending 
on the number of camera parameters to be deter- 
mined). 

40 

- the number of observations for each individual 
point. 

In general the accuracy is improved if the number 
45 of observations (points) in each camera location is in- 
creased, and if the number of camera locations is in- 
creased. A single camera or multiple cameras can be 
used. If the cameras are not calibrated with respect to 
the imaging properties of the lens, it is advantageous to 
so have as few different cameras as possible. 

If, on the other hand, it is necessary to do the meas- 
urements fast, the data acquisition can be made efficient 
by using multiple, calibrated cameras in fixed locations, 
and by using as few locations and points as possible. 
55 The relation to an object fixed coordinate system 
requires some points that are defining the coordinate 
system by their coordinate values being known along 
one or more of the coordinate axes, or by doing a best 
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fit o1 defined values to the calculated positions. 

Figure 6 illustrates how to start from a number of 
points in known positions relative to an object fixed co- 
ordinate system and then to measure additional points 
within or outside the object by the use of two or more 
cameras. If a network of points is available, as shown 
by letters a - u, it is possible by the use of only two cam- 
eras 1,8 to locate these such that they are seeing not 
more than the area of interest. At first the position and 
orientation of the camecas relative to the object fixed co- 
ordinate system are determined by registering the pro- 
jection of the known points a. b, c. The coordinates of 
these points relative to the coordinate system X. Y are 
known from a measurement as described above with 
reference to figure 5. This method gives a quick meas- 
urement, having a high accuracy. 

An application of this method is illustrated in figure 
7 a, b, which as an example may describe a welding 
station in a production line for car bodies ais shown in 
figure 8 a.b. The under part of the car body is based on 
a fixture 24, while the side parts of the car body are held 
in place by fixtures 23. The mount of the car body parts 
to the fixtures are made by the use of steering pins and 
clamping mechanisms 27. These are controlling the lo- 
cation of each different component during the welding 
process, and have to be in the correct tocation to ensure 
correct shape of the assembled car body. Control of 
each individual object is efficiently made by the method 
described above (figure 6) by having a number of fixed 
help reference points distributed all over the whole sta- 
tion. An alternate solution is shown in figure 7 a. where 
the help reference points a - u are attached to a portable 
jig 24 that can be moved into the station when a meas- 
urement is to be made. The location of this jig is in such 
a case controlled by the main references 25, 26 of the 
station (e.g. steering pins) that are holding the jig in a 
fixed position. The positions and orientations of the two 
cameras 1 , 8 relative to the object fixed coordinate sys- 
tem are first determined by reigistering the directions to- 
wards the known points a - u. The advantages of this 
method is that each individual station in the whole pro- 
duction line is based on a single jig with a fixed and well 
known geometry, such that a unique, accurate geometry 
is ensured all along the production line. Hence, the error 
propagation through the production line is kept to a min- 
imum. Furthermore, it will not be necessary to have an 
extensive network of points in each individual station. 

Figure 9 shows another application of the same 
principle. In this case the reference points are fixedly 
mounted in a structure 28, while the object 29 to be 
measured is transported into this structure. As an ex- 
ample this method can be applied in a production line 
based on transportable jigs for transport of components 
into the welding stations. Control of these jigs on a reg- 
ular basis can be done in fixed measurement stations. 

Figure 10 shows an example of this, where the ob- 
ject 30 is an aircraft that is brought to a measurement 
station where the reference points are placed on the 



floor or in a surrounding fixture. 

The system known per se shown in figure 3 must, 
to cover the methods described above, be extended 
with respect to the data processor 10, the camera con- 
5 trol unit 11 and the light source control unit 12. In this 
context it is required that these units shall be able to take 
into account: 

different types and number of cameras, 

different types and number of light sources and help 
tools, 

different calculation methods depending on the con- 
figuration of cameras and light sources that are 
used and which type of known information (defined 
coordinate values in a local coordinate system or 
given distances between points) that should be in- 
cluded in the calculation. 

Some examples of applications are described 
above. These shall be considered as examples only, as 
a large number of different other objects may be meas- 
ured by the same methods and the same system. This 
includes large as well as small objects within automo- 
tive, aerospace or other mechanical Industry. 



Claims 

1. Method for controlling the relative or absolute posi- 
tion and / or orientation of a number of fixed, mov- 
able or replaceable points or geometrical objects 
like planes, lines, holes, cylinders or spheres within 
a limited measurement volume, based on optical 
measurements utilizing one or more cameras 
based on electro optical sensors in combination to 
fixedly mounted light sources, illuminated reflec- 
tors, or probing tools having light sources or reflec- 
tors attached thereto in known positions relative to 
the touch point of the probing tool, 
characterized in 

that a network of help reference points consist- 
ing of additional measurement points like active 
light sources, reflecting points or points to be 
measured utilizing said probing tool, as well as 
existing fixed points or geometrical objects 
which positions can be related to a physical 
so point, is established for the purpose of achiev- 

ing a sufficient density of said help reference 
points and thereby to improve the accuracy of 
the calculation of the positions and orientations 
of all points, or to simplify the final adjustment 
55 and control process, 

that initially a measurement of the position of 
all points in said network is made, said meas- 
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urement being done by 

location ot one or more cameras in a 
number of camera positions, such that for 
every camera position all or part of the ^ 
measurement volume is within the field of 
view of one or more cameras, and that the 
following registrations are made for each 
camera position: 

10 

- the positions of fixedly mounted light 
sources or light reflecting points are 
registered by their image on the sen- 
sors of said cameras, and whereby the 
position of the image is given as coor- 
dinates related to a camera fixed coor- 
dinate system. 

the positions of fixed points or geomet- 
rical objects which positions can be re- 
lated to a physical point, are registered 
by holding said probing tool in contact 
with the point and the image ot the 
touch point on the sensor of the cam- 
era is calculated from the observed im- ^5 
ages of the light sources or reflecting 
points of the probing tool, 

repeating this for a number of camera lo- 
cations such that all points are registered oo 
in a minimum of two camera positions, 

having among the relevant measurement 
points at least two points for which the mu- 
tual separation distance is known, to be 35 
used to determine the correct length scale, 

calculating the positions of each point rel- 
ative to an arbitrary spatial coordinate sys- 
tem by bundle adjustment, wherein the cal- 40 
cutation method may also include a math- 
ematical modelling of the optical properties 
of the cameras to be used to compensate 
for image distortions occurring through the 
camera lens, and storing said positions in 4S 
a data base for later use. and 

that the positions and orientations of additional 
fixed or moveable points and geometrical ob- 
jects thereafter are detemnined and may be ad- so 
justed by: 

locating a minimum of two cameras such 
that a minimum of three points or geomet- 
rical objects in known positions are within ss 
their field of view, as well as one or more 
points or geometrical objects for which the 
positions and / or orientations are to be de- 



termined, 

determining the position and orientatton of 
the cameras from the already known point 
positions by registering the images of said 
points on the sensors of the cameras in the 
relevant camera positions by the method 
described above, and thereafter calculat- 
ing the positbns and orientations by . the 
use of bundle adjustments, 

determining the unknown positions and ori- 
entations of subsequent points and geo- 
metrical objects based on the known posi- 
tion and orientation of the cameras relative 
to the known network points by the follow- 
ing methods depending on which type of 
point or geometrical object to be meas- 
ured: 

fixedly mounted, or moveable light 
sources or light reflecting points are 
registered by their image on the sen- 
sor of the cameras, whereby the image 
points are given as coordinates related 
to a camera fixed coordinate system, 
and their spatial positions relative to 
the positions of the known points are 
determined by bundle adjustment 
based on the image points as well as 
the positk)n and orientation of the cam- 
eras, 

the positions of selected points are de- 
termined by holding said probing tool 
in contact with the point, and the light 
sources or reflecting points of said 
probing tool are registered by the cam- 
era sensors, whereby the image points 
are given as coordinates relative to a 
camera fixed coordinate system, and 
whereby the spatial position of the 
touch point relative to the positions of 
the known points is determined by 
bundle adjustment based on the image 
points as well as the position and ori- 
entatbn of the cameras, as well as in- 
formation on the position of the touch 
point relative to the light sources or re- 
flecting points of the probing tool, 

the posittons and orientations of geo- 
metrical objects are calculated from 
the positions of a number of points on 
the object, as well as a mathematical 
description of the relevant geometrk^al 
objects, 
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- adjusting, it necessary, the relevant point 
or geometrical object in a controlled way by 
measuring its position and orientation dur- 
ing and after the adjustment process, until 
the deviation between measured and nom- s 
inal values are within acceptable limits. 

2. Method for controlling the relative or absolute posi- 
tion and / or orientation ot a number of fixed or mov- 
able points or geometrical objects like planes, lines, io 
holes, cylinders or spheres within a limited meas- 
urement volume, as claimed in claim 1. 
characterized in 

that a number of the fixed points or geometrical ^« 
objects are defining an object fixed coordinate 
system such that the position and orientation of 
all points and geometrical objects, including all 
help reference points, are determined relative 
to that coordinate system through a coordinate 20 
' transformation. 

3. Method tor controlling the relative or absolute posi- 
tion and / or orientation of a number of fixed or mov- 
able points or geometrical objects lil<e planes, lines, 25 
holes, cylinders or spheres within a limited meas- 
urement volume, as claimed in claim 1, 
characterized in 

that the scale information needed for a calcu- 30 
lation of positions is achieved by arranging one 
or more reference bars within the measurement 
volume, said reference bars comprising in a 
known mutual separation distance a minimum 
of two light sources, reflecting points or fixed 35 
points that can be measured by utilizing said 
probing tool. 

4. Method for controlling the relative or absolute posi- 
tion and / or orientation of a number of fixed or mov- 40 
able points or geometrical objects like planes, lines, 
holes, cylinders or spheres within a limited meas- 
urement volume, as claimed in claim 1 . 
characterized in 

45 

that the position of a number of help reference 
points, fixed points or geometrical objects are 
known and stored in a database, such that con- 
trol and adjustment of additional fixed, move- 
able or replaceable points or geometrical ob- 
jects can take place directly by: 

locating a minimurh of two cameras such 
that a minimum of three points or geomet- 
rical objects in known positions are within 55 
their field of view, as well as one or more 
points or geometrical objects for which the 
positions and / or orientations are to be de- 



termined, 

determining the position and orientation of 
the cameras from the already known point 
positions by registering the images of said 
points on the sensors of the cameras in the 
relevant camera positions by the method 
described above, and thereafter cateulat- 
ing the positions and orientations by the 
use of bundle adjustments, 

detemniningthe unknown positions and ori- 
entations of subsequent points and geo- 
metrical objects based on the known posi- 
tion and orientation of the cameras relative 
to the known network points by the follow- 
ing methods depending on which type of 
point or geometrical object to be meas- 
ured: 

permanently fixedly mounted, or 
moveable light sources or light reflect- 
ing points are registered by their image 
on the sensor of the cameras, whereby 
the image points are given as coordi- 
nates related to a camera fixed coor- 
dinate system, and their spatial posi- 
tions relative to the positk>ns of the 
known points are determined by bun- 
dle adjustment based on the image 
points as well as the position and ori- 
entation of the cameras, 

the positions of selected points are de- 
termined by holding said probing tool 
in contact with the point, and the light 
sources or reflecting points of said 
probing tool are registered by the cam- 
era sensors, whereby the image points 
are given as coordinates relative to a 
camera fixed coordinate system, and 
whereby the spatial position of the 
touch point relative to the positions of 
the known points is determined by 
bundle adjustment based on the image 
points as well as the position and ori- 
entation of the cameras, as well as in- 
forrr^tion on the position of the touch 
point relative to the light sources or re- 
flecting points of the probing tool. 

the positions and orientations of geo- 
metrical objects are calculated from 
the positions of a number of points on 
the object, as well as a mathematical 
description of the relevant geometrical 
objects. 
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Method for controlling the relative or absolute posi- 
tion and /or orientation of a number of fixed or nnov- 
able points or geometrical objects like planes, lines, 
holes, cylinders or spheres within a limited meas- 
urement volume, as claimed in anyone of claims 1 5 
'4. 

characterized in 

that said help reference points are attached to 
a moveable object that can be brought to the io 
measurement volume where control of points 
and geometrical objects Is to take place, and 
where the positions and / or orientations of 
these can be determined directly by utilizing the 
known position of the help reference points. 

Method for controlling the relative or absolute posi- 
tion and / or orientation of a number of fixed or mov- 
able points or geometrical objects like planes, lines, 
holes, cylinders or spheres within a limited meas- 
urement volume, as claimed in claim 5, 
characterized in 

that said points or geometrical objects are lo- 
cation and holding devices in different stations 2S 
in a production line for productkjn of cars or 
trucks, and where said object which has help 
reference points attached to it can be moved 
from station to station to ensure that all stations 
are controlled and adjusted on basis of the 30 
same set of known points. 

Method for controlling the relative or absolute posi- 
tion and / or orientation of a number of fixed or mov- 
able points or geometrical objects like planes, lines, 55 
holes, cylinders or spheres within a limited meas- 
urement volume, as claimed in anyone of claims 1 
-4. 

characterized in 

40 

- that said help reference points are fixedly locat- 
ed within a measurement volume, and where 
the points and geometrical objects which 
should be controlled and adjusted are attached 
to an object that can be brought to said meas- 45 
urement volume, where their positions and / or 
orientations can be determined directly based 
on the known positions of the help reference 
points. 

so 

Method for controlling the relative or absolute posi- 
tion and / or orientation of a number of fixed or mov- 
able points or geometrical objects like planes, lines, 
holes, cylinders or spheres within a limited meas- 
urement volume, as claimed in claim 7, 55 
characterized in 

that said points or geometrical objects are con- 



trol points on produced parts like cars, trucks, 
aircraft, trains etc., or parts or subassemblies 
for these, and where said measurement vol- 
ume with permanently mounted help reference 
points are used for a quick determination of the 
camera locations, and hence for a quick control 
of the relevant control points. 



Patentanspruche 

1. Verfahren zum KontroHieren der relativen oder ab- 
soluten Position und/oder Orientierung einer An- 
zahl fester, beweglicher oder ersetzbarer Punkte 
Oder geometrischer Objekte wie Ebenen, Linien. 
Locher, Zylinder oder Spharen inneriialb eines be- 
grenzten Mef3volumens, gestutzt auf optische Mes- 
sungen unter Verwendung einer oder mehr Kame- 
ras. gestutzt auf elektrooptische Sensoren in Kom- 
bination mit fest montierten Lichtquellen. beleuch- 
teten Reflektoren oder Mefif uhlerinstrumenten mit . 
Lichtquellen oder Reflektoren, die an bekannten 
Posrtionen bezuglich des BerOhrungspunktes des 
MefBf uhlerinstruments daran angebracht sind, 
dadurch gekennzeichnet, daB 

ein Netz von Hilfsreferenzpunkten, bestehiand 
aus zusatzlrchen MeBpunkten wie aktiven 
Lichtquellen, reflektierenden Punkten oder 
Punkten, die unter Verwendung des MeBfuhler- 
Instruments gemessen werden sollen, und 
auch vorhandenen fasten Punkten oder geo- 
metrischen Objeklen, deren Positionen auf ei- 
nen physikalischen Punkt bezogen werden 
konnen, zu dem Zweck eingerichtet ist, eine 
ausreichende Dichte der Hilfsreferenzpunkte 
zu erreichen und dadurch die Genauigkeit der 
Berechnung der Positionen und Orientierung 
aller Punkte zu vertDessern oder die endgultige 
Einstellung und den KontrollprozeB zu verein- 
fachen. 

zu Anfang eine Messung der Position aller 
Punkte in dem Netz vorgenommen wird, wobei 
die Messung durchgefOhrt wird durch 

Anordnen einer oder mehr Kameras in ei- 
ner Anzahl von Kamerapositionen derart. 
daB fur jede Kameraposition das ganze 
Oder ein Tell des MeBvolumens innerhalb 
des Sichtfeldes einer oder mehr Kameras 
ist und daB die folgenden Registrierunigen 
fur jede Kameraposition gemacht werden: 

die Positionen fest montierter Licht- 
quellen Oder Licht reflektierender 
Punkte werden durch ihr Bild auf den 
Sensoren der Kameras registriert, und 
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dadurch ist die Position des Bildes als 
aul ein kameralestes Koordinatensy- 
stem bezogene Koordinaten gegeben. 

die Positionen fester Punkte oder geo- s 
metrischer Objekte, deren Positionen 
auf einen physikalischen Punkt bezo- 
gen werden konnen, werden regi- 
slriert, indem das MeBtOhlerinstru- 
ment mit dem Punkt in Kontakt gehal- io 
ten wird. und das Bild des Beruhrungs- 
punkles auf denr^ Sensor der Kamera 
wird aus den beobachteten Bildem der 
Uchtquellen oder refleklierenden 
Punkte des MeQfuhlerinstruments be- 
rechnet, 

- Wiederholen dieses Vorgangs fur eine An- 
zahl von Kanrierastellen, so daB alle Punk- 
te in mindestens zwei Kameraposittonen 20 
registriert werden, 

Vorsehen zumindest zweier Punkte unter 
den relevanten MeBpunkten, fur die der 
wechselseitige Trennungsabstand be- 2S 
kannt Ist, um zur Bestimmung der korrek- 
ten Langenskala verwendet zu werden, 

Berechnen der Positionen jedes Punktes 
bezuglich eines wlllkurlichen raumliclien 30 
Koordinatensystems durch eine BQndel- 
einstellung (engl. bundle adjustment), wor- 
In das Berechnungsverfahren auch ein 
mathematisches Modellieren der opti- 
schen Eigenschaften der Kameras. die 35 
verwendet werden sollen, um durch die 
Kameralinse auftretende Bildverzerrungen 
zu kompensieren, und Speichem der Posi- 
tionen In einer Datenbank fur eine spatere 
Venwendung eInschlieSt. und ^ 

die Positionen und Orientierungen zusatzlicher 
tester oder beweglicher Punkte und geometri- 
scher Objekte danach bestimmt werden und 
eingestellt werden konnen durch: 

Anordnen von mindestens zwei Kameras 
derart, daB mindestens drei Punkte oder 
geometrische Objekte in bekannten Posi- 
tionen innerhalb ihres Sichtfeldes sind. und 50 
auch ein oder mehr Punkte oder geometri- 
sche Objekte, fur die die Positionen und/ 
Oder Orientierungen bestimmt werden sol- 
len, 

55 

Bestimmen der Position und Orientierung 
der Kameras aus den schon bekannten 
Punklposrtionen, indem die Bilder der 



Punkte auf den Sensoren der Kameras in 
den relevanten Kamerapositionen durch 
das oben beschriebene Veriahren regi- 
striert werden und danach die Positionen 
und Orientierungen durch die Verwendung 
von Bundeleinstellungen berechnet wer- 
den. 

Bestimmen der unbekannten Positionen 
und Orientierungen folgender Punkte und 
geometrischer Objekte, gestutzt auf die 
bekannte Position und Orientierung der 
Kameras bezuglich der bekannten Nelz- 
punkte, durch die folgenden Verfahren in 
Abhangigkelt davon, welcher Typ eines 
Punktes oder geometrischen Objekts ge- 
messen werden soil: 

- test montierte oder bewegliche Licht- 
quellen oder LIcht reflektierende 
Punkte werden durch ihr Biki auf dem 
Sensor der Kameras registriert, wo- 
durch die Bildpunkte als auf ein kame- 
rafestes Koordinatensystem bezoge- 
ne Koordinaten gegeben sind, und ih- 
re raumlichen Positionen bezuglich 
der Positionen der bekannten Punkte 
werden durch eine Bundeleinsteltung 
gestutzt auf die Bildpunkte und auch 
die Position und Orientierung der Ka- 
meras bestimmt, 

die Positionen ausgewahtter Punkte 
werden bestimmt, indem das MeBfuh- 
lerinstrument mit dem Punkt in Kontakt 
gehalten wird, und die Uchtquellen 
Oder reflektierenden Punkte des 
IVleBfuhlerinstruments werden durch 
die Kamerasensoren registriert, wo- 
durch die Bildpunkte als Koordinaten 
bezOglich eines kamerafesten Koordi- 
natensystems gegeben sind und wo- 
durch die raumliche Position des Be- 
ruhrungspunktes bezuglich der Posi- 
tionen der bekannten Punkte durch ei- 
ne Bundeleinstellung gestutzt auf die 
Bildpunkte und auch die Position und 
Orientierung der Kameras sowie eine 
Infonnatlon Qber die Position des Be- 
ruhrungspunktes bezOglich der Licht- 
queilen oder reflektierenden Punkte 
des MeBfuhlerinstruments bestimmt 
wird. 

die Positionen und Orientierungen geome- 
trischer Objekte werden aus den Positio- 
nen einer Anzahl von Punkten auf dem Ob- 
jekt berechnet, und auch eine mathemati- 
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sche Beschreibungder relevanten geome- 
trischen Objekte. 

- Einstellen. tails notwendig, des relevanten 
Punktes oder geometrischen Objekts in kon- 
trollierter Welse, indem dessen Position und 
Orientierung wahrend des EInstellungsprozes- 
ses und danach gemessen werden, bis die Ab- 
weichung zwischen gemessenen und Sollwer- 
ten innerhalb akzeptabler Grenzen liegt. 

Verlahren zum Kontrollieren der relativen oder ab- 
soluten Position und/oder Orientierung einer An- 
zahl fester oder beweglicher Punkte oder geometri- 
scher Objekte wie Ebenen, Linien. Locher, Zylinder 
Oder Spharen Innerhalb eines begrenzten MeBvo- 
lumens nach Anspruch 1, 
dadurch gekenneichnet, daB 

- eine Anzahl der festen Punkte oder geometri- 
• schen Objekte ein objekttestes Koordinatensy- 
stem so definieren. da3 die Position und Orien- 
tierung aller Punkte und geonnetrischer Objekte 
einschlieBHch aller Hilfsreferenzpunkle bezOg- 
tich dieses Koordinatensystems durch eine Ko- 
ordinatentransfornnation bestimnnt werden. 

Verfahren zum Kontrollieren der relativen oder ab- 
soluten Position und/oder Orientierung einer An- 
zahl fester oder beweglicher Punkte oder geometri- 
scher Objekte wie Ebenen, Linien. Locher. Zylinder 
Oder Spharen innerhalb eines begrenzten MelJvo- 
lumens nach Anspruch 1 , 
dadurch gekennzeichnet, daB 

die fur eine Berechnung von Positionen beno- 
tigte Skalenintormation erhalten wird, indem 
ein Oder mehr Referenzstreifen innerhalb des 
MeQvolumens angeordnet werden. wobei die 
Referenzstreifen in einem bekannten wechsel- 
seitigen Trennungsabstand mindestens zwei 
Lichtquellen, reflektierende Punkte oder teste 
Punkte aufweisen. die durch Verwenden des 
MeBfuhlerinstruments gemessen werden kon- 
nen. 

Verfahren zum Kontrollieren der relativen oder ab- 
sotuten Position und/oder Orientierung einer An- 
zahl fester oder beweglicher Punkte oder geometri- 
scher Objekte wie Ebenen, Linien, Locher, Zylinder 
Oder Spharen innerhalb eines begrenzten MeQvo- 
lumens nach Anspruch 1 , 
dadurch gekennzeichnet, daO 

- die Positionen einer Anzahl von Hiltsreferenz- 
punkten. festen Punkten oder geometrischen 
Objeklen bekannt und in einer Datenbank ge- 
speichert sind, so daB eine Kontrolle und Ein- 
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stellung zusatzlicher tester, beweglicher oder 
ersetzbarer Punkte oder geometrischer Objek- 
te direkt stattfinden kann durch: 

Anordnen von mindestens zwei Kameras 
derart, daB mindestens drei Punkte oder 
geometrische Objekte an bekannten Posi- 
tionen innerhalb ihres Sichtfeldes sind, und 
auch ein oder mehr Punkte oder geometri- 
sche Objekte. fur die die Positionen und/ 
Oder Orientierungen bestimmt werden sol- 
len. 

Bestimmen der Position und Orientierung 
der Kameras aus den schon bekannten 
Punktpositionen, indem die Bilder der 
Punkte auf den Sensoren der Kameras in 
den relevanten Kamerapositionen durch 
das oben beschriebene Verfahren regi- 
striert und danach die Positionen und Ori- 
entierungen durch die Venwendung von 
Bundeleinstellungen berechnet werden, 

Bestimmen der unbekannten Positionen 
und Orientierungen folgender Punkte und 
geometrischer Objekte, gestutzt auf die 
bekannte Position und Orientierung der 
Kameras bezOglich der bekannten Netz- 
punkte, durch die folgenden Verfahren in 
Abhangigkeit davon. welcher Typ eines 
Punktes oder geometrischen Objekts ge- 
messen werden soli: 

permanent f est montierte oder beweg- 
liche Lichtquellen oder Licht reflektie- 
rende Punkte werden durch ihr Bild auf 
dem Sensor der Kameras registriert, 
wodurch die Bildpunkte als auf ein ka- 
merafestes Koordinatensystem bezo- 
gene Koordinaten gegeben sind. und 
ihre raumiichen Positionen bezuglich 
der Positionen der bekannten. Punkte 
werden durch Bundeleinstellungen 
gestutzt auf die Bildpunkte und auch 
die Position und Orientierung der Ka- 
meras bestimmt, 

die Positionen ausgewahlter Punkte 
werden bestimmt, indem das MeBf Oh- 
lerinstrument mit dem Punkt in Kontakt 
gehalten wird, und die Lichtquellen 
Oder reflektierenden Punkte des 
MeBfuhlerinstruments werden durch 
die Kamerasensoren registriert. wo- 
durch die Bildpunkte als Koordinaten 
bezuglich eines kamerafesten Koordi- 
natensystems gegeben sind, und wo- 
durch die raumliche Position des Be- 
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ruhrungspunktes bezuglich der Posi- 
tionen der bekannten Punkle durch ei- 
ne Bundefeinstellung gestutzt auf die 
Bitdpunkte und auch die Position und 
Orientierung der Kameras sowie eine s 
Intormation uber die Position des Be- 
rOhrungspunktes bezOglich der Licht- 
quellen oder reflektierenden Punkte 
des MeQtuhlerinstruments bestlmmt 
wird» 

die Positionen und Orientierungen 
geometrischer Objekte warden aus 
den Positionen einer Anzahl von Punk- 
ten auf dem Objekt berechnet, und is 
auch eine mathematische Besclirei- 
bung der relevanten geometrischen 
Objekte. 

Vertahren zum Kontrollieren der relativen oder ab- 
soluten Position und/oder Orientierung einer An- 
zahl fester oder beweglicher Punkte oder geometri- 
scher Objekte wie Ebenen, Linien, Locher, Zylinder 
Oder Spharen innerhalb eines begrenzten MeBvo- 
lumens nach einem der Anspruche 1-4, 
dadurch gekennzeichnet, daB 

die Hiifsreferenzpunkte an einem beweglichen 
Objekt angebracht sind. das zu dem Meflvolu- 
men gebracht werden kann, wo eine Kontrolle 30 
von Punkten und geometrischen Objekten 
statlfinden soli und wo die Positionen und/oder 
Orientierungen dieser durch Verwenden der 
bekannten Position der Hilfsreferenzpunkle di- 
rekt bestimmt werden konnen. -55 

Verfahren zum Kontrollieren der relativen oder ab- 
soluten Position und/oder Orientierung einer An- 
zahl fester oder beweglicher Punkte oder geometri- 
scher Objekte wie Ebenen. Linien. Locher, Zylinder 
Oder Spharen innerhalb eines begrenzten MeBvo- 
lumens nach Anspruch 5, 
dadurch gekennzeichnet, daQ 

die Punkte oder geometrischen Objekte Anord- 
nungs- und Haltevorrichtungen in verschiede- 
nen Stationen in einer FertigungsstraBe zur 
Herstellung von Autos oder Lastwagen sind 
und wo das Objekt, das an ihm angebrachte 
Hilfsreferenzpunkle aufweist, von Station zu so 
Statk)n bewegt werden kann, um sicherzustel- 
len, daB alle Stationen auf der Qrundlage des 
gleichen Satzes bekannter Punkte kontrolliert 
und eingestellt werden. 

55 

Verfahren zum Kontrollieren der relativen oder ab- 
soluten Position und/oder Orientierung einer An- 
zahl fester oder beweglicher Punkte oder geometri- 



scher Objekte wie Ebenen, Linien, Locher, Zylinder 
Oder Spharen innerhalb eines begrenzten MeBvo- 
lumens nach einem der Anspruche 1 -4. 
dadurch gekennzeichnet, daB 

die Hilfsreferenzpunkte innerhalb eines 
MeBvolumens fest angeordnet sind und wo die 
Punkte und geometrischen Objekte, die kon- 
trolliert und eingestellt werden sollen, an einem 
Objekt angebracht sind, das zu dem MeBvoIu- 
men gebracht werden kann, wobei ihre Positio- 
nen und/oder Orientierungen gestutzt auf. die 
bekannten Positionen der Hilfsreferenzpunkte 
direkl bestimmt werden konnen. 

8. Verfahren zum Kontrollieren der relativen oder ab- 
soluten Position und/oder Orientierung einer An- 
zahl fester oder beweglicher Punkte oder geometri- 
scher Objekte wie Ebenen, Linien, Locher, Zylinder 
Oder Spharen innerhalb eines begrenzten MeBvo- 
lumens nach Anspruch 7. 
dadurch gekennzeichnet, daB 

die Punkte oder geometrischen Objekte Kon- 
trollpunkte auf hergestellten Teilen wie Autos, 
Lastwagen, Fiugzeuge, Eisenbahnzuge etc. 
Oder Telle oder Untergruppen fur diese sind. 
und wo das MeBvolumen mit permanent ange- 
brachten Hilfsreferenzpunkte fur eine schnelle 
Bestimmung der Kamerastellen und daher fOr 
eine schnelle Kontrolle der relevanten Kontroll- 
punkte verwendet wird. 



Revendications 

1 . Proc6d6 pour contr6ler la position et/ou I'orientation 
relative ou absolue d'un certain nombre de points 
ou d'objets g^ometriques fixes, mobiles ou rempla- 
gables tels que des plans, lignes, trous. cylindres 
ou spheres, k i'int6rieur d'un volume de mesure li- 
mits, bas6 sur des mesures optiques utilisant una 
ou plusieurs cameras bas6es sur des d^tecteurs 
6Iectro-optiques en association avec des sources 
de lumiere mont6es de maniere fixe, des r6flecteurs 
illumines ou des outils de sondage comportant des 
sources de lumiere ou des r^flecteurs fix6s k ceux- 
ci, dans des positions connues par rapport au point 
de contact de I'outil de sondage, caract6ris6 

en ce qu'un r§seau de points de reference 
d'aide constitu6s de points de mesure supple- 
mentaires, tels que des sources de lumiere ac- 
tives, des points de reflexion ou des points des- 
tines k etre mesures en utilisant ledit outil de 
sondage, ainsi que des points fixes exislants 
ou des objets g6om6triques dont les positions 
peuvent dtre Ii6es ^ un point physique, est 6ta- 
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bli dans le but d'obtenir une density suffisante 
desdits points de reference d'aide et d'amelio 
rer ainsi la precision du calcul des positions et 
orientations de tous les points, ou de simplifter 
le r6glage final et le processus de contr6le. s 
en ce que, initialement, une mesure de la posi- 
tion de tous les points dans ledit r^seau est ef- 
fectu^e, ladite mesure 6tant effectuSe par 

disposition d'une ou plusieurs cameras io 
dans - un certain nombre de positions de 
cameras, de fagon que pour chaque posi- 
tion de camera, la totality ou une parlie du 
volume de mesure se trouve a i'interieur du 
champ de vision d'une ou de plusieurs ca- 
m6ras, et que les rep§rages suivants 
soient effectu^s pour chaque position de 
camera: 

les positions des sources de lumiere 
mont6es de mani^re fixe ou des points 
de reflexion de lumidre sont rep6r6es 
par leur image sur (es detecteurs des- 
dites cameras, et de fagon que la po- 
sition de I'image soit donn^e sous for- 2S 
me de coordonnSes ll^es k un systd- 
me fixe de coordonn6es de camera, 
les positions de points ou d'objets 960- 
m^triques fixes dont les positions peu- 
vent etre li^es d un point physique, 30 
sont repdr^es en maintenant ledit outil 
de sondage en contact avec le point et 
I'image du point de contact sur le d6- 
tecteur de la camera est calcul6e 
d'apres les images observees des 5S 
sources de lumiere ou des points de 
reflexion de I'outij de sondage, 

r6p6tition de ceci pour un certain nombre 
d'emplacements de camera, de fagon que ^0 
tous les points soient rep6r6s avec un mi- 
nimum de deux positions de camera, 
obtention parmi les points de mesure cor- 
respondants d'au moins deux points pour 
lesquels la distance de separation mutuel- 
le est connue, a utillser pour determiner 
rechelle de longueur convenable, 
calcul des positions de chaque point par 
rapport ^ un systeme de coordonn6es spa- 
tiales arbitraire par r^glage de paquets, so 
dans lequel le proc^de de calcul peut ega- 
lement comprendre une modeiisation ma- 
thSmatique des proprietSs optiques des 
cameras ^ utiliser pour compenser les de- 
formations d' image apparaissant k travers 55 
la lentille de camera, et stockage desdites 
positions dans une base de donn^es pour 
utilisation ulterieure, et 



en ce que les positions et orientations de points 
et d'objets geom6triques supplemental res fixes 
ou mobiles sont ensuite determinees et peu- 
vent etre regiees par : 

disposition d'un minimum de deux came- 
ras de fagon qu'un minimum de trois points 
ou objets geometriques dans des positions 
connues se trouvent k I'interieur de leur 
champ de vision, ainsi qu'un ou plusieurs 
points ou objets geometriques pour les- 
quels les positions et/ou orientations doi- 
vent etre determinees, 
determination de la position et de I'orienta- 
tion des cameras par rapport aux positions 
de points dej^ connues en rep6rant les 
images desdits points sur les detecteurs 
des cameras dans les positions de came- 
ras correspondantes par le precede decrrt 
ci-dessus, puis calcul des positions et 
orientations grace k {'utilisation de regla- 
ges de paquets, 

determination des positions et orientations 
inconnues de points et d'objets geometri- 
ques suivants, basee sur les positions et 
orientations connues des cameras par rap- 
port aux points de reseau connus par les 
procedes suivants, en fonction du type de 
point ou d'objet geometrique k mesurer : 

des sources de lumiere ou points de 
reflexion de lumiere montes de manie- 
re fixe ou mobile sont reperes par leur 
image sur le detecteur des cameras, 
de fa^on que les points d'Image soient 
donnes sous forme de coord6nn6es 
liees k un systeme fixe de coordon- 
nees de camera, et leurs positions 
spatiales par rapport aux positions des 
points connus sont determinees par 
reglage de paquets base sur les points 
d'image ainsi que la position et I'orien- 
tation des cameras, 
les positions de points seiectionnes 
sont determinees en maintenant ledit 
outil de sondage en contact avec le 
point, et les sources de lumiere ou 
points de reflexion dudit outil de son- 
dage sont reperes par les detecteurs 
de camera, de fa9on que les points 
d'image soient donnes sous forme de 
coordonpees par rapport k un systeme 
fixe de coordonn6es de camera et de 
fagon que la position spatiale du point 
de contact par rapport aux positions 
des points connus soit determinee par 
reglage de paquets sur la base des 
points d'image ainsi que de la position 
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et I'orientation des cameras, ainsi que 
des inlormations concernant la posi- 
tion du point de contact par rapport aux 
sources de lumiere ou points de re- 
flexion de I'outil de sondage. s 
les positions et orientations des objets 
g6om6triques sont calcul^es d'aprds 
les positions d'un certain nombre de 
points sur I'objet. ainsi qu'une descrip- 
tion math6matique des objets g6om6- 
triques correspondants. 

r6glage, si n^cessaire, du point ou objet 
g6om6trique correspondant d'une manifere 
contr6l6e, en mesurant ses position et 
orientation, pendant et aprfes le processus 
de r6glage, jusqu'^ ceque r6cart entre les 
valeurs mesur^e et nomlnale se trouve k 
I'int6rieur de Ilmites acceptables. 

20 

Proc6d6 pourcontroler la position et/ou Torientation 
relative ou absolue d'un certain nombre de points 
ou d'objets g6om6triques fixes ou mobiles tels que 
des plans, tignes, trous, cylindres ou spheres, k I'in- 
t^rieur d'un volume de mesure limit6, selon la re- ^5 
vendication 1 , caract6ris6 

en ce qu'un certain nombre des points ou objets 
g^ometriques fixes definissent un systfeme fixe 
de coordonn6es d'objets tel que la position et so 
I'orientation de tous les points et objets g6om6- 
triques, y compris tous les points de r§f6rence 
d'aide, soient d6termin6es par rapport k ce sys- 
teme de coordonn6es par rinterm6diaire d'une 
transformation de coordonn6es. ^ 

Proc6d6 pourcontraier la position et/ou Torientation 
relative ou absolue d'un certain nombre de points 
ou d'objets g^ometriques fixes ou mobiles tels que 
des plans; lignes. trous, cylindres ou spheres, k Tin- ^ 
t6rieur d'un volume de mesure limits, selon la re- 
vendication 1, caracterise 

en ce que les Informations d'6chelle n6cessai- 
res pour un calcul de positions sont obtenues 
en agengant une ou plusieurs barres de refe- 
rence k rint6rieur du volume de mesure, lesdi- 
tes barres de r6f6rence comprenant dans une 
distance de separation mutuelleconnue un mi- 
nimum de deux sources de lumiere, points de so 
. reflexion ou points fixes, pouvant dtre mesur6s 
en utilisant ledit outil de sondage. 

Precede pou r controler la position et/ou Torientation 
relative ou absolue d'un certain nombre de points ss 
ou d'objets g^om^triques fixes ou mobiles tels que 
des plans, lignes, trous, cylindres ou spheres, k I'in- 
t^rieur d'un volume de mesure limits, selon la re- 



vendication 1 , caract6rls6 

en ce que les positions d'un certain nombre de 
points de reference d'aide, points ou objets 
gSomStriques fixes sont connues et stock^es 
dans une base de donn6es, de ta9on que le 
contrCIe et le r6glage de points ou objets g6o- 
m^triques suppl^mentalres fixes, mobiles ou 
rempla^ables, puissent s'effectuer directement 
par: 

disposition d'un minimum de deux came- 
ras de fa^on qu'un minimum de trois points 
ou objets geomStriques dans des positions 
connues se trouvent k Tint^rieur de leur 
champ de vision, ainsi qu'un ou plusieurs 
points ou objets g6om6triques pour les- 
quels les positions et/ou orientations doi- 
vent Stre dSterminSes, 
- d6temiination de la position et de I'orienta- 
tion des cameras k partir des positions de 
points d6j^ connues en reperant les ima- 
ges desdits points sur les detecteurs des 
cameras dans les positions de cameras 
correspondantes par le proc6d6 d6crlt ci- 
dessus, puis calcul des positions et orien- 
tations par utilisation de r6glages de pa- 
quets, 

determination des positions et orientations 
inconnues de points et d'objets geom6tri- 
ques suivants, basees sur tes positions et 
orientations connues des cameras par rap- 
port aux points de rdseau connus par les 
proc6d6s suivants, en fonction du type de 
point ou objet geom6trique k mesurer : 

des sources de lumidre ou points de 
reflexion de lumiere months de fafon 
permanente de mani6re fixe ou mobi- 
les sont repMs par leur image sur le 
detecteur des cameras, de fagon que 
les points d'image soient donnds sous 
forme de coordonndes liees k un sys- 
teme fixe de coordonnees de camera, 
et teurs positions spatiales par rapport 
aux positions des points connus sont 
d6tenmindes par r6glage de paquets 
bas6 sur les points d'image ainsi que 
la position et I'orientation des came- 
ras, 

les positions de points selection nes 
sont dSterminSes en malntenant (edit 
outil de sondage en contact avec le 
point, et les sources de Iumi6re ou 
points de reflexion dudit outil de son- 
dage sont reper6s par les detecteurs 
de camera, de fa^on que les points 
d'image soient donnas sous forme de 
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coordonn6es par rapport a un systeme 
fixe de coordonn6es de camera et de 
ta^on que la position spatiale du point 
de contact par rapport aux positions 
des points connus soit d6termin6e par 
r^glage de paquets sur la base des 
points d' image alnsi que la position et 
Torientation des cameras, ainsi que 
des informations concemant la posi- 
tion du point de contact par rapport aux 
sources de lumifere ou points de r6- 
flexlon de I'outil de sondage, 
les positions et orientations des objets 
g^ometriques sent calcul6es d'apr^s 
' les positions d'un certain nombre de 
points sur I'objet, ainsi qu'une descrip- 
tion mathSmatique des objets g6om6- 
triques correspondants. 

5. Precede pou r contr6ler la position et/ou I'orientation 
relative ou absolue d'un certain nombre de points 
ou tfobjets g6om6trlques fixes ou mobiles tels que 
des plans, lignes, trous, cylindres ou spheres, ^ i'in- 
t6rieur d'un volume de mesure Iimit6, selon Tune 
quelconque des revendications 1^4, caract6ris6 

en ce que iesdits points de r6f6rence d'aide 
sont Ms k un objet mobile pouvant §tre amen6 
vers le volume de mesure ou le contrdle de poi, 
nts et objets g6ometriques doit s'effectuer, et 
ou les positions et/ou orientations de ceux-ci 
peuvent etre d6termin§es directement en utili- 
sant la position connue des points de r6f6rence 
d'aide. 

6. Proc6d6 pou r controler la position et/ou I'orientation 
relative ou absolue d'un certain nombre de points 
ou d'objets g6om6triques fixes ou mobiles tels que 
des plans, lignes, trous, cylindres ou spheres, a Tin- 
t6rieur d*un volume de mesure limite, selon la re- 
vendication 5, caract6ris6 



en ce que lesdits points de r6f6rence d'aide 
sont situ6s de manidre fixe k I'int^rieur d'un vo- 
lume de mesure, et ou les points et objets g6o- 
m^trlques devant etre contr6l6s et regies sont 
5 li^s k un objet pouvant §tre amen6 dans ledit 

volume de mesure, ou leurs positions et/ou 
orientations peuvent §tre d6termin6es directe- 
ment sur la base des positions connues des 
points de reference d'aide. 

70 

8. Proced6 pour controler la position et/ou I'orientation 
relative ou absolue d'un certain nombre de points 
» ou d'objets g^ometriques fixes ou mobiles tels que 
des plans, lignes. trous, cylindres ou spheres, k Tin- 
ts t^rieur d'un volume de mesure limits selon la reven- 
dication 7, caract6ris6 

en ce que lesdits points ou objets g6om6triques 
sont des points de controle sur des pieces pro- 

20 duites telles que des automobiles, camions, 

avions, trains, etc., ou des parties ou sous-en- 
sembles pour ceux-ci, et ou ledit volume de me- 
sure avec des points de r6f6rence d'aide mon- 
tes de fagon permanente sont utilises pour une 

25 d6termination rapide des emplacements deca- 

mdras, et ainsi pour un contr6le rapide des 
points de contrSle correspondants. 
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en ce que lesdits points ou objets gdometriques 
sont des dispositifs de disposition et de main- 
tien dans des postes diff^rents sur une ligne de 
production d'automobiles ou de camions, et ou 
ledit objet comportant des points de r6f6rence 
d'aide Ii6s k celui-ci peut §tre d^plac6 de poste 
en poste pour assurer que tous les postes sont 
contr6l6s et r6gl6s sur la base du m§me en- 
semble de points connus. 

7. Proc6d6 pour controler la position et/ou I'orientation 
relative ou absolue d'un certain nombre de points 
ou d'objets g6om6triques fixes ou mobiles tels que 
des plans, lignes, trous. cylindres ou spheres, k I'in- 
t6rieur d'un volume de mesure limits, selon I'une 
quelconque des revendications 1 2i 4, caract6rls6 
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Fig. 1 b. (Prior art) 
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Fig. 2 (Prior art) 
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Fig. 3 



Operator 
terminal 




BEST AVAILABLE COPY 



EP 0 700 506 B1 



Fig. 4a 
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